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A B S T R A C T
Background: Despite several polysomnographic studies on periodic legmovements (PLM) in healthy sleep,
data on the prevalence and characteristics of periodic armmovements (PAM) in normal subjects are lacking.
We aimed to investigate PAM and their association with PLM during wakefulness and sleep in healthy
subjects.
Methods: Ninety-one participants underwent video-polysomnography according to American Academy
of SleepMedicine 2007 criteria. In addition to standard electromyographic registration, data for both ﬂexor
digitorum superﬁcialis muscles were recorded.
Results: Sixty-two subjects (68.1%) had a PAM index during wakefulness >5/h (median PAM index during
wakefulness, 8.8/h; range, 0–77). Seven subjects (7.7%) had a PAM index >5/h during sleep (median PAM
index during sleep, 0.7/h; range, 0–47.4). In 14% of cases, PAM during wakefulness were coincident with
PLM during wakefulness. During sleep, this coincidence was not evident. The correlation between PAM
and PLMwas weak to moderate (during wakefulness: Spearman’s ρ = 0.576, P < 0.001; during sleep: Spear-
man’s ρ = 0.222, P = 0.036).
Conclusion: In healthy subjects, PAM occur predominantly during wakefulness with no apparent true
periodicity. In contrast to classical PLM, some PAM may not present a true periodic phenomenon, but
rather random voluntary movements meeting the wide range of periodicity criteria for PLM.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/3.0/).
1. Introduction
Despite multiple studies on periodic leg movements (PLM) in
wakefulness (PLMW) and sleep (PLMS) [1], data on periodic arm
movements (PAM) in wakefulness (PAMW) and sleep (PAMS) are
scarce, and have been reported only in restless legs syndrome (RLS)
or other neurological disorders [2–9]. So far, the literature on PAM
comprises 29 subjects (26 patients with RLS, one patient withmul-
tiple sclerosis, onepatientwith corticobasal degeneration, onepatient
with cervical spondylosis C4/C5) [2–9]. Of these 29 subjects, 22 RLS
patientswere reported in one case series [9]. The authors found that
~70% of the investigated RLS subjects had a PAMW index >5/h,
whereas 14% of cases also showed a PAMS >5/h. Approximately 40%
of PLMWwere accompanied by PAMW. Based on these ﬁndings, the
authors concluded that PAM are more frequent than generally ex-
pected [9].
As PLM prevalence increases in healthy subjects with ad-
vanced age [10–16], we were interested in investigating PAM during
wakefulness and sleep in a sample of healthy subjects over the lifes-
pan. We hypothesized that PAM are present in physiological sleep
and that their frequency might increase with age. Therefore the aim
of the present study was to prospectively investigate PAM during
wakefulness and sleep in healthy subjects over the lifespan, and
to assess the association between PAM and PLM in physiological
sleep.
2. Methods
2.1. Study sample and polysomnographic registration
Ninety-one healthy subjects (55 men, 36 women; median age,
42 years; range, 19–77) were selected from a sample of healthy sleep-
ers who had undergone video-polysomnography (PSG) at the ter-
tiary sleep disorder referral center of Innsbruck Medical University
between August and November 2011 for a research project onmotor
activity during healthy sleep [16]. All participating volunteers un-
derwent a two-step screening process (telephone interview, per-
sonal investigation by a physician trained in sleep medicine) to
exclude a relevant sleep, neurological, psychiatric or internal
comorbidity as well as any use of central nervous system medica-
tion (for detailed methodology see [16]).
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Video-PSG was performed according to the American Academy
of Sleep Medicine (AASM) 2007 guidelines. For electromyographic
(EMG) recording, The SINBAR EMG montage was used (mentalis,
ﬂexor digitorum superﬁcialis on the upper extremities, tibialis
anterior on the lower extremities) [17].
The study was approved by the local ethics committee of
Innsbruck Medical University. All patients gave written informed
consent.
2.2. Derived measures
Sleep stagingwas performed according to AASM 2007. Armmove-
ments (AM) and PAM as well as leg movements (LM) and PLMwere
scored according to the criteria of the World Association of Sleep
Medicine [18]. We deﬁned PAM and PLM to be coincident when both
occurred at an interval of ≤0.5 s apart, irrespective of which one was
ﬁrst. To further characterize PAM and PLM, the periodicity index
was calculated, deﬁned as the number of LM occurring in a
sequence of three intermovement intervals with a duration between
10 and 90 s divided by the total number of intermovement
intervals exceeding 1 s [19].
2.3. Statistics
Statistical analysis was performed with IBM SPSS Statistics 20.0
for Windows. As data were not normally distributed, they were re-
ported as median (range). For statistical analysis, non-parametric
Mann–Whitney U-test in the case of two groups and Kruskal–
Wallis test in the case of two or more groups were applied. To assess
bivariate correlations of PAM and PLM variables, Spearman corre-
lation coeﬃcients were calculated. In order to investigate the in-
ﬂuence of age on PAM and PLM parameters, participants were pooled
in ﬁve age groups: subjects aged <30 years: 18 (eight women, 10
men); 30–39 years: 21 (10 female, 11 male); 40–49 years: 16 (12
female, four male); 50–59 years: 13 (eight female, ﬁve male); and
subjects aged ≥60 years: 23 (17 female, six male). P < 0.05 was con-
sidered statistically signiﬁcant. As this study was exploratory in
nature, testing for multiple comparisons was not performed.
3. Results
3.1. Periodic arm movement and periodic leg movement indices
Table 1 provides PAM and PLM indices for the total group as well
as the ﬁve different age groups. PAMW were not uncommon, and
62 participants (68.1%) had a PAMW index >5/h. During sleep, the
PAM index was considerably lower: only seven volunteers (7.7%) had
a PAMS index >5/h. The PAM periodicity index was very low at 0.04
(range, 0–0.49). Compared with median PAMW and PAMS indices,
median PLMW and PLMS indices were higher. The same was true
for the number of subjects with PAMW and PAMS index >5/h: 75
subjects (82.4%) had a PLMW index >5/h, and 31 (34.1%) had a PLMS
index >5/h. The PLM periodicity indexwas 0.28 (0–1). Figure 1 shows
the intermovement interval graphs of PAM and PLM during both
wakefulness and sleep.
The sleep stage distribution showed highest PAM indices in N1
sleep with 3.2/h (0–78) followed by N2 sleep (median, 0.2/h; range,
0–55.8), N3 sleep (median, 0/h; range, 0–108.8) and REM sleep
(median, 0/h; range, 0–43.5). This distribution was comparable with
that of PLM, with PAM indices being lower for all sleep stages com-
pared to PLM indices (Fig. 2).
3.2. Coincidence and correlation of PAM and PLM
PAMW coincided with PLMW in a median of 14.8% of cases (0–
100%), whereas PAMS did not coincide with PLMS in the median
of cases (0–88%). The correlation between PAM and PLM was mod-
erate during wakefulness (P = 0.576, P < 0.001) and only weak during
sleep (ρ = 0.222, P = 0.036).
3.3. Changes of PAM and PLM over the lifetime
There was no change of PAM variables over the different
age groups (all P > 0.05, see Table 1). Concerning PLM variables,
only the total PLM index increased with more advanced age
(P < 0.05).
Table 1
Comparison of characteristics of arm and leg movements.
Movements Total Age (years) P-value
<30 30–39 40–49 50–59 ≥60
Arms
Total night AM indexa 11.3 (4.1–66.8) 10.1 (6.1–28.1) 11.8 (4.2–59.1) 11.1 (4.4–24.1) 11.3 (6.9–16.6) 12.3 (4.4–65.8) 0.914c
Total night PAM indexa 2.3 (0–51) 2.3 (0–19.5) 2.2 (0–38) 2.7 (0.6–14) 2.1 (0.5–5.6) 3.5 (0–51) 0.745c
PAMW indexa 8.8 (0–77) 13.9 (0–77) 7.7 (0–31.8) 10 (1.4–54) 5.8 (0–28.3) 9.4 (0–64.6) 0.634c
PAMW >5/hb 62 (68.1%) 12 (66.7%) 15 (71.4%) 12 (75%) 9 (69.2%) 14 (60.9%) 0.789d
PAMS indexa 0.7 (0–47.4) 0.6 (0–11.1) 0.5 (0–42.2) 0.8 (0–14.6) 0.6 (0–2.4) 1.2 (0–47.4) 0.667c
PAMS >5/hb 7 (7.7%) 1 (5.6%) 1 (4.8%) 1 (6.3%) 0 (0%) 4 (17.4%) 0.277d
PAM arousal indexa 1.6 (0–7.3) 1.8 (0.3–3.9) 1.7 (0.3–4.3) 0.8 (0.1–3.6) 1.4 (0.2–3.2) 1.9 (0–7.3) 0.755c
Periodicity indexa 0.04 (0–0.49) 0.03 (0–0.13) 0.03 (0–0.27) 0.05 (0–0.49) 0.05 (0–0.16) 0.07 (0–0.39) 0.459c
Legs
Total night LM indexa 17.7 (2.5–72) 14.3 (4.9–37.3) 16 (3.6–72) 16 (2.5–41) 27.2 (6.3–57.3) 24.9 (4.4–65.8) 0.014c
Total night PLM indexa 8.3 (0–61.9) 4 (0–21.9) 8 (0–61.9) 5.6 (0.6–14) 14.7 (0.6–40.4) 15.4 (0–53) 0.026c
PLMW indexa 26.7 (0–115) 25.9 (0–115) 28 (0–105.1) 24.4 (0–100.5) 25 (0–92) 29.2 (0–111.8) 0.616c
PLMW >5/hb 75 (82.4%) 13 (72.2%) 17 (81%) 13 (81.3%) 11 (84.6%) 21 (91.3%) 0.371d
PLMS indexa 2.8 (0–60.9) 2.1 (0–12.1) 3.8 (0–60.9) 1.7 (0–31.6) 5.7 (0–41.6) 3.4 (0–34.3) 0.207c
PLMS >5/hb 31 (34.1%) 3 (16.7%) 8 (38.1%) 3 (18.8%) 7 (53.8%) 10 (43.5%) 0.181d
PLM arousal indexa 0.5 (0–5.6) 0.1 (0–2.4) 0.2 (0–3.7) 0.3 (0–4.9) 0.6 (0–5.6) 1.1 (0–5.4) 0.039c
Periodicity indexa 0.28 (0–1) 0.24 (0–0.13) 0.22 (0–0.27) 0.23 (0–0.80) 0.31 (0–1) 0.37 (0–1) 0.376c
AM, arm movements; PAM, periodic arm movements; PAMW, periodic arm movements in wakefulness; PAMS, periodic arm movements in sleep; LM, leg movements; PLM,
periodic leg movements; PLMW, periodic leg movements in wakefulness; PLMS, periodic leg movements in sleep.
a Reported values are expressed as medians (ranges).
b Reported values are expressed as numbers of participants (percentages).
c Kruskal–Wallis test.
d χ2-Test.
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4. Discussion
This is the ﬁrst study investigating PAM in a sample of healthy
sleepers recruited from a representative sample of the general pop-
ulation. Our main ﬁnding is that PAM are not uncommon in the
healthy population, but that their number is markedly lower com-
pared to that of PLM. Moreover, PAM occur predominantly during
wakefulness or light sleep with very low periodicity, and coinci-
dence between PAM and PLM was low.
The ﬁndings demonstrate that PAM are a widespreadmotor phe-
nomenon in the healthy population. Surprisingly, the percentage
of subjects with PAMW index >5/h was identical to that reported
for RLS [9]. Whether arm movements in RLS are more extended, or
even visible, is a matter of speculation. In the normal subjects ex-
amined in this study, no obvious arm movements were visible in
the synchronized video-recording during investigation of PAM EMG
activations. As recording of upper armmuscles is not routinely per-
formed, this observation might also explain why PAM are not more
frequently described in the literature.
Our data showed that the coincidence between PAM and PLM
was only low during wakefulness and absent during sleep. More-
over, the correlation between PAM and PLMwas only weak to mod-
erate. These results are in line with the ﬁrst case description of PAM,
which demonstrated a desynchronization between PAM and PLM.
Based on this ﬁnding, the authors speculated on different genera-
tor sites of PAM and PLM [3]. Further evidence was raised from a
different perspective by a study on the recruitment pattern of PLMS
in RLS patients. The authors demonstrated that in PLM, the involve-
ment of axial and upper limb muscles (biceps brachii and triceps
brachii) was rather rare [20].
In our study, PAM were predominantly present during wake-
fulness and light sleep, and their periodicity was very low; there-
fore one might argue that at least some PAMwere simply voluntary
or comfort movements and hence should be classiﬁed as dis-
tinct from true PLM. This statement might be confusing at ﬁrst
glance, but one has to keep in mind that the deﬁnition of period-
icity in PLM and PAM is based exclusively on the presence of
an intermovement interval of between 5 and 90 s, not on a regu-
lar occurrence within this interval. The latter, however, is much
better reﬂected by the periodicity index as proposed by Ferri
et al. [19].
Studies on PLM in healthy controls showed that PLM increased
with age [10]. This is also true for the present study, which dem-
onstrated a positive association between LM and PLM indices over
the different age groups. In contrast to this ﬁnding, PAM indices did
not differ between the different age groups. At ﬁrst glance, this
ﬁnding is surprising, but it might point to a distinct etiology of PAM
and PLM.
Fig. 1. Intermovement interval graphs of periodic arm and leg movements: (a) periodic arm movements in wakefulness; (b) periodic leg movements in wakefulness; (c)
periodic arm movements in sleep; (d) periodic leg movements in sleep.
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In this study, PAM were assessed in the ﬂexor digitorum
superﬁcialis muscle, because it is the recommended muscle for
the SINBAR montage for detection of rapid eye movement sleep
behavior disorder [17], and is included in the routine polysomno-
graphic montage in our laboratory. The usefulness of this muscle
for the detection of PAM has not been investigated so far. Since PLM,
however, closely resemble the pain-evoked lower limb triple ﬂexion
response, which consists of a dorsiﬂexion of the ankle and ﬂexion
of the knee and hip, with an involvement of the tensor fasciae latae,
hamstrings, and tibialis anterior muscles, use of a corresponding
upper limbmuscle might have been better suited to investigate PAM.
Indeed, the triple ﬂexion response to pain in the upper limbs con-
sists of an adduction of the shoulder (pectoralis major, teres major,
latissimus dorsi), ﬂexion of the elbow (brachialis, brachioradialis,
biceps brachii), and pronation of the arm (pronator teres, prona-
tor quadratus). Therefore, we cannot rule out that the use of one
of these upper limb muscles, rather than the ﬂexor digitorum
superﬁcialis, might have led to a higher PAM and periodicity index.
In summary, PAM are not uncommon in healthy subjects, and
occur predominantly during wakefulness with no apparent true pe-
riodicity. It might be suggested that, in contrast to classical PLM,
at least some PAM do not present a true periodic phenomenon but
are merely random voluntary movements meeting the wide range
of periodicity criteria for PLM.
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